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(4).  INTRODUCTION 

Heparan  sulfate  proteoglycans  (HSPGs)  regulate  normal  and  cancer  cell 
behaviors  by  binding  growth  factors,  and  by  mediating  cell  adhesion  and 
invasion.  Current  data  strongly  support  the  idea  that  HSPGs  are  a  new  class  of 
tumor  suppressors.  Studies  demonstrate  the  anti-tumor  growth  properties  of 
three  HSPGs,  specifically  syndecan-1,  glypican-1,  and  betaglycan.  Treatment 
with  purified  syndecan-1  produces  strong  growth  suppression  in  multiple 
myeloma  cell  lines,  a  poorly  differentiated  squamous  cell  carcinoma  cell  line, 
human  and  murine  mammary  tumor  cell  lines,  but  not  normal  cell  lines.  In 
addition,  treatment  of  multiple  myeloma  cells  with  purified  syndecan-1  induces 
apoptosis.  Many  tumors  display  an  alteration  in  cell  surface  HSPG  expression. 
When  syndecan-1  is  lost  from  the  surface  of  mammary  epithelia,  the  cells  lose 
epithelial  morphology,  invade  collagen  gels  and  show  characteristics  of  neoplastic 
growth.  When  transfected  with  the  syndecan-1  gene,  transformed  mammary 
epithelial  cells  regain  morphology  and  lose  neoplastic  growth  characteristics.  In 
vivo  experiments  demonstrate  reduced  tumorigenicity  of  syndecan-1  or  glypican- 
1  expressing  multiple  myeloma  cells  and  betaglycan  expressing  breast  cancer 
cells.  Therefore,  we  propose  that  HSPGs  are  excellent  candidates  for  gene 
therapy  applications  for  the  treatment  and  possible  eradication  of  breast  cancer. 
The  purpose  of  the  proposed  work  is  to  develop  HSPG  gene  therapy  and 
examine  HSPGs  independently  and  in  combination  as  mediators  of  breast  cancer 
cell  growth  and  apoptosis  in  vitro  and  in  vivo.  This  work  represents  a  novel  use 
of  HSPGs  as  anti-cancer  therapy. 


(5).  BODY 

Task  1.  Develop  breast  cancer  gene  therapy  and  evaluate  in  vitro. 

•  Engineer  epitope  tag  containing  human  HSPG  gene  constructs  for  cell 
surface  expression  or  secretion. 

Ideally,  to  determine  the  effect  of  expression  of  a  transfected  gene,  the  parental 
cell  lines  should  not  actively  produce  the  gene  product.  This  allows  for  a  direct 
comparison  between  the  behavior  of  the  parental  non-expressing  cell  line  and 
the  behavior  of  the  same  cell  line  that  expresses  the  transfected  gene. 
Syndecan-1  expression  has  been  characterized  on  the  cell  surface  of  several 
breast  cancer  cell  lines  including  MCF-7,  MDA-MB-231,  MDA-MB-435,  MDA-MB- 
436,  and  Hs578t.  The  breast  cancer  cell  lines  were  grown  as  monlayers  in  tissue 
culture  flasks,  detached  by  treatment  with  1%  EDTA  only  (trypsin  cleaves 
syndecan-1  from  the  cell  surface),  stained  with  the  FITC-labeled  BB4  monoclonal 
antibody  which  is  specific  for  syndecan-1,  and  analyzed  by  FACS.  Each  of  these 
cell  lines  express  significant  and  in  fact  abundant  levels  of  syndecan-1  (Figure  1 
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and  data  not  shown.)  The  mean  fluorescence  intensity  of  BB4-FrTC  staining  on 
each  cell  line  was  compared  in  duplicate  experiments  and  the  results  indicate 
that  the  cell  lines  express  roughly  similar  amounts  of  syndecan-1  (Figure  2). 
Therefore,  for  the  purpose  of  distinguishing  native  syndecan-1  from  syndecan-1 
expressed  from  transferred  gene  cassettes,  a  c-myc  tag  was  incorporated  into 
the  human  syndecan-1  gene  construct.  The  c-myc  tag  was  inserted  3'  to  the 
DNA  sequence  encoding  the  amino-terminal  signal  sequence  and  5'  to  the 
glycosaminoglycan  attachment  sites.  Primers  for  the  production  of  three 
syndecan-1  gene  cassettes  including  a  full  length  cassette  and  two  truncated 
constructs  have  been  engineered  and  used  to  PCR  amplify  the  appropriate  DNA 
fragments  (Figure  3).  Expression  of  the  truncated  cassettes  will  generate 
syndecan-1  that  will  be  secreted  instead  of  found  on  the  cell  surface.  The  three 
syndecan-1  gene  constructs  have  been  cloned  in  plasmid  vectors. 

Task  2.  In  vivo  analysis  of  breast  cancer  gene  therapy. 

•  Establish  tumors  in  the  mammary  fat  pads  of  NUDE  mice.  Treat  tumors 
with  therapeutic  HSPG  delivered  by  retrovirus  or  liposomes.  Evaluation 
HSPG  gene  localization,  expression,  tumor  burden,  and  induction  of 
apoptosis. 

In  vivo  experiments  have  begun  to  test  the  effect  of  increased  syndecan-1 
expression  on  tumor  growth.  MDA-MB-231  breast  cancer  cells  were  injected  into 
the  mammary  fat  pad  of  SCID  mice  and  tumors  were  established.  Plasmid  DNA 
only  or  plasmid  DNA  containing  the  full  length  human  syndecan-1  gene  cassette 
was  electroporated  into  tumors  two  times  per  week  for  several  weeks.  Tumor 
growth  was  measured  every  other  day  and  at  the  end  of  the  experiment  the 
animals  were  sacrificed  and  the  tumors  excisized  and  stained  for  syndecan-1 
expression.  The  results  showed  no  reduction  in  tumor  size  however,  the  tumors 
were  initially  very  small  and  did  not  grow  appreciably  regardless  of  treatment. 
The  data  from  the  tumor  staining  was  inconclusive  due  to  technical  error. 
Therefore,  we  are  not  sure  that  syndecan-1  was  effectively  expressed. 

To  address  these  issues,  we  have  amended  our  protocols.  First  we  have  treated 
the  MDA-MB-231  cells  in  culture  with  an  antibiotic  for  mycoplasma  which  should 
increase  tumor  growth  in  vivo.  In  addition,  we  have  switched  to  the  NUDE 
mouse  model  to  eliminate  any  possible  interference  by  the  immune  system.  We 
have  found  that  with  these  two  amendments  we  can  establish  and  grow  tumors. 
Therefore,  this  task  is  moving  forward. 
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FL1-H 

Figure  1.  Breast  cancer  cell  lines  express  abundant  syndecan-1  on  the  cell 
surface.  HBL-100  (A),  MCF-7  (B),  MDA-MB-435  (C),  MDA-MB-436  (D),  and  MDA-MB- 
231  (E)  breast  cancer  cell  lines  were  stained  with  BB4-FITC  monoclonal  antibody  to 
syndecan-1  or  an  isotype  matched  control  FITC-labeled  antibody.  FACS  analysis 
reveals  a  shift  in  fluorescence  when  cells  were  stained  with  BB4  (dark  line)  verses 
control  antibody  (lighter  line)  indicating  extensive  amounts  of  cell  surface  syndecan-1 
on  each  breast  cancer  cell  line. 
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Figure  2.  Breast  cancer  cell  lines  express  similar  amounts  of 
syndecan-1  on  the  cell  surface.  Breast  cancer  cell  lines  were  stained 
with  BB4-FITC  and  analyzed  by  FACS  in  duplicate  experiments.  The 
mean  fluorescence  intensity,  which  indicates  the  amount  of  cell  surface 
syndecan-1  present  on  each  cell  line  was  compared.  Error  bars  reflect 
standard  deviation.  Lane  1.,  HBL-100,  lane  2.,  MCF-7,  lane  3.,  MDA-MB- 
231,  lane  4.,  MDA-MB-435,  and  lane  5.,  MDA-MB-436. 
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Full  length  svndecan-1  forward  primer: 

5'  cgcggatcctccgggcagcatgaggcg 
c-mvc  tag  insertion  primer: 

5'ctgcagctggccctggaacagaaactcatctctgaagaggatctgccgcaaattgtggct 

Full  length  svndecan-1  reverse  primer: 

5'cccaagcttgcgtcaggcatagaattcctc 

Truncated  svndecan-1  reverse  primers: 

5'cccaagctttcactgatccactggggactg 

5'cccaagctttcaggagggggtctgctgtgac 


Figure  3.  Full  length  and  truncated  syndecan-1  protein  structure  and 
primers  for  gene  construction.  Panel  A.  illustrates  the  c-Myc  tagged  full  length 
syndecan-1  and  two  truncated  forms.  The  full  length  syndecan-1  is  composed  of 
an  N-terminal  signal  sequence  (gray  box),  an  ectodomain  (open  box)  containing 
glycosaminoglycan  attachment  sites  (lines),  a  transmembrane  domain  (hatched 
box),  and  a  cytoplasmic  domain  (black  box).  The  c-Myc  tag  (dotted  box)  was 
inserted  in  the  ectodomain  between  the  signal  sequence  and  glycosaminoglycan 
attachment  sites.  One  truncated  form  of  syndecan-1  lacks  the  transmembrane 
and  cytoplasmic  domains  while  the  other  lacks  these  domains  along  with  most  of 
the  ectodomain.  Panel  B.  list  the  primers  used  to  insert  the  c-myc  tag  into  the 
syndecan-1  gene  and  the  primers  used  for  the  production  of  full  length  and 
truncated  syndecan-1  gene  cassettes.  The  syndecan-1  start  codon  and  the  c-myc 
tag  DNA  sequences  are  in  bold. 
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(7).  1).  KEY  RESEARCH  ACCOPLISHMENTS 

Task  1. 

•  Syndecan-1  expression  profile  was  determined  on  several  breast  cancer 
cell  lines  including  MCF-7,  MDA-MB-231,  MDA-MB-435,  MDA-MB-436,  and 
Hs578t.  Each  of  these  cell  lines  express  abundant  amounts  of  syndecan-1 
on  the  cell  surface. 

•  A  c-myc  tag  has  been  added  3'  to  the  amino-terminal  signal  sequence  of 
the  syndecan-1  gene  construct. 

•  Two  truncated  syndecan-1  gene  constructs  have  been  produced  by  PCR 
amplification  and  cloned  in  plasmid  vectors. 


Task  2. 

•  Treatment  of  breast  cancer  tumors  in  SCID  mice  with  the  full  length 
human  syndecan-1  gene  was  inconclusive. 

CONCLUSIONS 

The  objective  of  the  proposal  is  to  transfer  HSPG  gene  constructs  into  breast 
cancer  cells  lines  and  tumors  growing  in  mice  to  test  the  ability  of  these  tumor 
suppressor  genes  to  slow  growth  and  possibly  eradicate  tumors.  Several 
different  syndecan-1  gene  cassettes  have  been  produced  during  this  year  and 
the  full  length  syndecan-1  gene  has  been  electroporated  into  established  breast 
cancer  tumors  in  SCID  mice.  While  the  results  of  the  in  vivo  study  were 
inconclusive,  we  are  confident  that  we  have  worked  out  the  technical  difficulties 
and  will  address  this  important  question.  This  work  represents  the  first  attempt 
to  use  HSPG  genes  for  the  purpose  of  anti-cancer  therapy. 
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